Defining the role of protein kinase c in calcium-ionophore-(A23187)-mediated activation of phospholipase A2 in pulmonary endothelium.
We sought to investigate the mechanisms by which the calcium ionophore A23187 triggers arachidonic acid release in bovine pulmonary endothelial cells and to test the hypothesis that protein kinase C is involved in this process. Our results indicate that the mechanism by which A23187 increases phospholipase A2 activity and arachidonic acid release in bovine pulmonary arterial endothelial cells depends upon the concentration studied. At concentrations of 1 microM and 2.5 microM, A23187 increases phospholipase A2 activity and arachidonic acid release without stimulating protein kinase C. At concentrations of 5-12.5 microM, A23187 increases arachidonic acid release and phospholipase A2 activity in conjunction with a dose-dependent activation of membrane-bound protein kinase C. To test the hypothesis that these doses of A23187 increase phospholipase A2 activity by stimulating protein kinase C, we studied the effect of prior treatment with the protein kinase C inhibitor sphingosine. Sphingosine inhibits the increase in phospholipase A2 activity and arachidonic acid release caused by A23187 over the range 5-12.5 microM. To investigate further the potential role of protein kinase C, we studied the effects of the inactive phorbol ester 4 alpha-phorbol 12 beta-myristate 13 alpha-acetate (4 alpha-PMA) and an active phorbol ester 4 beta-phorbol 12 beta-myristate 13 alpha-acetate (4 beta PMA). Neither 4 alpha-PMA nor 4 beta-PMA affected basal arachidonic acid release. 4 alpha-PMA also did not augment the effects of A23187. In contrast, 4 beta-PMA significantly augments the increase in phospholipase A2 activity and arachidonic acid release caused by lower doses of A23187. Under these conditions, sphingosine completely inhibits the stimulatory effects of 4 beta-PMA on protein kinase C translocation, phospholipase A2 and arachidonic acid release. Thus, at low doses (1 microM and 2.5 microM) A23187 increases phospholipase A2 activity and arachidonic acid release by a mechanism that does not involve protein kinase C. At these A23187 doses, activating membrane-bound protein kinase C with 4 beta-PMA causes a synergistic increase in phospholipase A2 activity and arachidonic acid release. At higher doses (5-12.5 microM), A23187 acts in large part by stimulating protein kinase C translocation. Overall, our results indicate that activating membrane-bound protein kinase C by itself is an insufficient stimulus to increase phospholipase A2 activity and arachidonic acid release in pulmonary endothelial cells, but activating protein kinase C can substantially augment the increase in phospholipase A2 activity and arachidonic acid caused by a small increase in intracellular calcium.